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INCORERENT S C m R  - 

The last de ta i l ed  account of progress on t h e  measurement of iono- 

spheric  propert ies  using incoherent backscat ter  was  given i n  t h e  paper, 

Observations of t he  equa to r i a l  ionosphere using incoherent backscat - 11 

ter", by D. T. Farley,  Jr., which was presented a t  t h e  NATO Advanced 

Study I n s t i t u t e  on Electron Density Prof i les  i n  t h e  Ionosphere and Ex- 

osphere i n  Finse, Norway, during April,  1965. 
mitted t o  NASA as a progress repor t  covering the period January - March, 

1965. 
each covering a period of  roughly 48 consecutive hours, were taken. 

r e s u l t s  obtained were comparable t o  those discussed i n  the  above paper 

f o r  t h e  period 1 - 3 February, 1965. 

This papr w a s  a l s o  sub- 

During t h e  period of t h e  present repor t ,  two more sets of data ,  

The 

With t h e  increase 

sca t t e r ing  s tudies  and 

t h e  respect ive r e s u l t s  

comparisons of topside 

s i d e  sounder satel l i te  

an a l t i t u d e  range from 

i n  da t a  output both from t h e  Jicamarca incoherent 

from s a t e l l i t e  experiments, more comparisons of 

a r e  becoming possible.  A considerable number of 

e lec t ron  density p r o f i l e s  obtained from the  top- 

and from Jicamarca have been made. These cover 

about 300 kilometers t o  1000 kilameters.  The 

latest  comparisons show very good agreement. There is s t i l l  a s l i g h t  

discrepancy which apparently i s  caused by a s m a l l  systematic e r r o r  i n  t h e  

tops ide  sounding measurement which is not ye t  understood. 

obtained by the  topside sounder consis tent ly  show the  peak of t he  F l aye r  

t o  be 10 or  2C kilometers t oo  low i n  a l t i t u d e .  Tnis e r r o r  i s  revealed 

both by comparison with bottomside soundings and w i t h  p ro f i l e s  obtained 

from incoherent s c a t t e r .  Hopefully, continued comparisons with the J l ca -  
Y A U . l .  ma,.nn bU n-nf-1lac "I ~ 4 1 1  .. --- aid ifi discmering the source of the  e r ro r .  

The p ro f i l e s  

The values of e lec t ron  densi ty  and temperature obtained f r o m  Explorer 

XXII agree w e l l ,  f o r  t h e  most part, with t h e  Jicamarca r e s u l t s .  

pears, however, t h a t  t he re  is an appreciable discrepancy between the  V a l -  

ues of daytime e l ec t ron  temperature at 1000 kilometers obtained with t h e  

two techniques. 

It ap- 

The e r r o r  most probably lies i n  t he  Jicamarca measurement. 



Only a small number of r e s u l t s  are avai lable  from Jicamarca, and these  

are probably not very accurate a t  a l t i t u d e s  as g rea t  as 1000 kilometers.  

In  f a c t ,  one of t h e  major preoccupations at  Jicamarca during t h e  

last two months has been the  improvement of the  temperature and ion 

composition measurements. The l a t t e r  q u a n t i t i e s  can be derived from t h e  

auto-correlat ion funct ion o r  the  power spectrum of t h e  incoherently 

sca t t e red  s igna l .  The l a t t e r  is j u s t  t h e  Fourier  transform of the  former, 

and at  Jicamarca it tu rns  out t o  be much more convenient t o  measure t h e  

auto-correlat ion function. Up t o  the  present ,  t h i s  measurement has been 

plagued by small systematic var ia t ions  i n  the t ransmi t t ing  and receiving 

equipment which d i s t o r t  t h e  r e s u l t s .  These d i s t o r t i o n s  make in t e rp re t a -  

t i o n  of t h e  r e s u l t s  pa r t i cu la r ly  d i f f i c u l t  at high a l t i t u d e s ,  where m i x -  

t u r e s  of ions are present.  When a l l  of t h e  systematic e r r o r s  have been 

eliminated, which shocld be i n  the near f'uture, it w i l l  be possible t o  

make qu i t e  accurate  measurements of the  e lec t ron  and ion temperatures 

and t h e  ionic  composition t o  a l t i t udes  somewhat beyond 1000 km. When 

t h i s  information becomes ava i lab le ,  it should g rea t ly  improve our under- 

standing of t he  equa to r i a l  ionosphere. We w i l l  be able  t o  study t h e  d y -  

namic behavior of t he  densi ty ,  temperature, and compos it ion simultane - 
ously. Because of t he  importance of t h i s  measurement, a la rge  amount of 

time has been devoted t o  it i n  recent months, and t h i s  has resu l ted  i n  a 

somewhat reduced rate of da t a  taking. 

STUDIES OF SCATTERING BY PLASMA WAVE IRREGULARITIES 

The p r inc ipa l  a c t i v i t y  i n  t h i s  portion of t h e  work has been t h e  

study of f ie ld-al igned i r r e g u l a r i t i e s  i n  t h e  equator ia l  e l e c t r o j e t .  Re-  

c en t ly  NASA launched a s e r i e s  of rockets through the  equator ia l  e l ec t ro -  

jet f r o m t h e  a i r c r a f t  c a r r i e r  Croatan o f f  the coast  of Peru. We obtained 

radar echoes from t h e  plasma wave i r r e g u l a r i t i e s  i n  the  e l e c t r o j e t  at t h e  

t i m e  of t he  rocket launchings. 

The r e s u l t s ,  when combined with those from the rocket experiments, should 

s u b s t a n t i a l l y  improve our understanding of t he  i r r e g u l a r i t i e s .  

These records are now being analyzed. 

DAYTIME SCINTILLATION 

The s c i n t i l l a t i o n  of r ad io  s ignals  from d i s c r e t e  e x t r a t e r r e s t r i a l  
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sources is  of course a familiar subject.  

have reported observation of the very intense night time s c i n t i l l a t i o n s  

which occur a t  t h e  magnetic equator i n  conjunction with equator ia l  

spread-F. 

I n  previous publications we 

Radio star observations have been made a t  Jicamarcs sporadically 

ever s ince t h e  antenna was first completed. It has almost always been 

observed t h a t  t h e  intense radio source Hydra-A s c i n t i l l a t e s ,  even dur- 

ing the  dayl ight  hours. Brief measurements made during 1962 showed 

t h a t  the  rate of the daytime s c i n t i l l a t i o n s  is from 10 t o  20 per second, 

o r  nearly a f a c t o r  of t e n  faster than normally observed a t  other l a t i -  

tudes.  

of known s c i n t i l l a t i o n  phenomena at other l a t i t u d e s ,  and the  subject  was 
dropped temporarily i n  favor of more pressing matters concerning the in-  

coherent s c a t t e r  experiment. 

The daytime s c i n t i l l a t i o n s  were d i f f i c u l t  t o  explain on the b a s i s  

Recently observations have been reported from Cambridge and from 

Arecibo showing t h a t  s igna ls  from radio sources of l e s s  than about 2 

seconds of a r c  diameter s c i n t i l l a t e  a t  200 MC/S due t o  i r r e g u l a r i t i e s  

i n  the interplanetary medium. This has been deduced because t h e  d i f -  

f r a c t i o n  phenomenon i s  such t h a t  ionospheric i r r e g u l a r i t i e s  should cause 

s c i n t i l l a t i o n  of stars up t o  more than 10 minutes of a r c  i n  diameter. A 

consis tent  argument has been offered t o  show t h a t  the  observed s c i n t i l l a -  

t i o n s  could be caused by i r r e g u l a r i t i e s  of 250 Km o r  about 1 Fresnel zone 

i n  ex ten t ,  a t  a dis tance of 1 A.U., and d r i f t i n g  across the propagation 

path a t  the  solar wind veloci ty  of about 300 Km/sec. 

T t  appeared possible that  the  daytime Hydra-A s c i n t i l l a t i o n s  might 

be caused by large i r r e g u l a r i t i e s  immersed i n  the  boundary region of 

t h e  magnetopause. If there were i r r e g u l a r i t i e s  i n  t h a t  region with a 

s c a l e  s i z e  of about 20 Km, densi ty  f luctuat ions of about 10 per cc, and 

i f  one assumed a magnetopause about 10,000 Km th ick ,  s c i n t i l l a t i o n s  s i m -  

ilar t o  those observed a t  Jicamarca w i t h  Hydra -A would be produced. 

experiment was  conducted during t h e  month of June t o  check t h i s  possi-  

b i l i t y .  

An 

If the  Hydra-A s c i n t i l l a t i o n s  were caused by 20 Km irregularities, 

then their  d r i f t  speed should be on the order of  10 Km/sec. 

were caused by ionospheric irregularities, those i r r e g u l a r i t i e s  would be 

If they 
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about 1 Km i n  ex ten t .  If observations w e r e  made with spaced receiving 

s t a t ions  separated by some subs t an t i a l  f r ac t ion  of 1 Km, ionospheric 

i r r e g u l a r i t i e s  should produce a measurable time delay separat ing t h e  

s c i n t i l l a t i o n s  observed a t  t h e  two s t a t ions .  

should appear at  t h i s  dis tance f o r  magnetospheric s c i n t i l l a t i o n s .  

N o  s ign i f i can t  time delay 

Phase switched interferometers w e r e  i n s t a l l e d  a t  the  corners of t h e  

main Jlcamarca arrw with an east-west separat ion of about 400 meters. 

I n  each case two 1/64 modules of the main a r ray  w e r e  used as t h e  i n t e r -  

ferometer elements. 

during the  period 1600 t o  1715 l oca l  t i m e .  Each of severa l  cross corre- 

l a t i o n  analyses of sec t ions  of the records obtained on the two i n t e r f e r -  

ometers showed maximum corre la t ion  o f  about 50 percent a t  a time delay 

of about 2 seconds. 

records showed l /e cor re la t ion  for time delays ranging from 1.5 t o  5 
seconds. On each day the  in t ens i ty  of s c i n t i l l a t i o n  varied from a la rge  

level (+ 2 6  t o  + 5 6 )  early during the  recording, t o  a very small level 

near t h e  end of t he  pass of t he  star through the  antenna pa t te rn .  

Ilydra-A s c i n t i l l a t i o n s  were recorded on several days 

Autocorrelation analyses performed on the  individual  

- - 

The delay associated with the cross cor re la t ion  function ind ica tes  

t h a t  t h e  i r r e g u l a r i t i e s  were t rave l ing  with a hor izonta l  ve loc i ty  of 

about 200 meters per second. ?he 50 percent maximum of the  cross corre- 

l a t i o n  suggests t h a t  the sca le  of the i r r e g u l a r i t i e s ,  corresponding t o  

l/e spatial autocorrelat ion,  is  about 500 meters. 

d i ca t e  t h a t  t h e  observed s c i n t i l l a t i o n s  are of ionospheric or ig in .  

period during which the observations were made - 1600 t o  1715 l o c a l  time 

- is t h e  period during which the equator ia l  e l e c t r o j e t  i s  dying away ra- 

pidly.  

ing  t h i s  period, we o f f e r  t he  conjecture that the s c i n t i l l a t i o n s  are i n  

f a c t  being produced by i r r e g u l a r i t i e s  i n  the  E region and are generated 

by t h e  equa to r i a l  e l e c t r o j e t .  

heights  and 50 Mc/s would favor i r r e g u l a r i t i e s  having a sca le  of about 

750 meters (1 Fresnel  zone), t h e  observed sca le  is i n  approximate agree- 

ment wi th  t h i s  conjecture.  In  view of  t h i s  r e s u l t ,  it w i l l  be des i rab le  

t o  conduct observations of s c i n t i l l a t i n g  daytime s igna ls  from a beacon 

satell i te i n  order t o  determine the  height of t h e  i r r e g u l a r i t i e s  more pre- 

c i s e l y  (by r e l a t i n g  the  ve loc i ty  of the  d r i f t i n g  i r r e g u l a r i t i e s  t o  the 

Both measurements i n -  

The 

Since the  s c i n t i l l a t i o n s  were a l s o  observed t o  be dying away dur- 

Since the  s c i n t i l l a t i o n  process a t  E region 
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ve loc i ty  of t h e  sa te l l i t e ) .  

I The Wdra-A s c i n t i l l a t i o n  observations do not preclude t h e  possi-  

b i l i t y  t h a t  i r r e g u l a r i t i e s  at t h e  magnetopause might cause observable 

s c i n t i l l a t i o n s .  They do suggest t h a t  it w i l l  not be possible t o  make 

such observations a t  Jicamarca because any magnetopause e f f e c t s  would 

be masked by t h e  ionospheric s c i n t i l l a t i o n .  

The s c a t t e r e d  energy associated with t h e  observed s c i n t i l l a t i o n s  

w i l l  be d i s t r i b u t e d  Over an angular spectrum of l i t t l e  more than 10 

minutes of a rc .  If it can be assumed that the  i r r e g u l a r i t i e s  are mag- 

n e t i c  f ield aligned, then t h i s  broadening should be g r e a t e s t  i n  the 

east-west d i rec t ion .  Since t h e  main Jicamarca antenna beam is about 1.1 

degree wide, w e  conclude that t h e  e f f e c t  of the  s c i n t i l l a t i o n s  on t h e  in-  

coherent s c a t t e r  measurements must be negl igible .  
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